In developing countries, NCC is important not only because of its frequency but also because of high morbidity and mortality rates associated with it, especially in cases in which it progresses to increased ICP. 17, 18 In our region, NCC has been observed in 2.7 to 7.5% of patients hospitalized with neurological dysfunction. 1, 58 In our hospital 35.6% of these patients presented with increased ICP. 58 Despite the development of medications, such as praziquantel and albendazole, that can provoke degeneration of cysticerci, recent experience 2, 12, 27, 28, 44, 49, 51, 52, 54, 57, 59, 62 has shown that their efficacy is more marked in cases in which active cysts are present in the brain parenchyma. Their effect on ventricular or cisternal cysts has been reported, 27, 28, 44 but there is no consensus regarding their efficacy in these situations. Furthermore, the use of these medications does not prevent the occurrence of complications such as hydrocephalus requiring surgical treatment. For this reason, a considerable number of patients with NCC require surgical procedures that are usually palliative but may sometimes be curative.
The present report is based on the 22-year experience of the Division of Neurosurgery of the Hospital das Clínicas, Ribeirão Preto Medical School, University of São Paulo, in the surgical treatment of patients with NCC as well as on review of the pertinent literature.
Pathological Anatomy
The hexacanthous embryo reaches the CNS, particularly through the bloodstream, stopping in the brain parenchyma by occluding a capillary. After actively crossing the capillary wall, the embryo reaches the interstitial space where it evolves to the cystic form, transforming into C. cellulosae. 30 The infestation of the ventricles is attributed to active passage of hexacanthous embryo through the capillaries of the choroid plexus, 30 immediately followed by their transformation into cysticerci. Within the ventricles, depending on its size, the cysticercus is carried by the CSF to the subarachnoid space. Controversy exists regarding the direct arrival of the hexacanthous embryo in the subarachnoid space or the ventricles through meningeal or subpial vessels. 30 After becoming established in the CNS, C. cellulosae begins to grow, usually reaching 4 to 20 mm in widest diameter when located inside the brain parenchyma. The cysticerci developing in the ventricles or in the subarachnoid space usually reach a larger size and often take on the form of C. racemosus, which is characterized by a membrane of irregular thickness, the absence of a scolex, and usually being clustered in multiple vesicles generally interconnected, resembling a raceme. Although racemose cysts are frequently observed in ventricles and cisternae, they may also occur in the brain parenchyma. 20 The cysticerci present a natural evolutionary process that culminates with their degeneration within a period of approximately 2 to 5 years. 30 This process starts after the transformation of the hexacanthous embryo into the cysticercus (live or active cyst [vesicular stage]), followed by a stage in which the cyst begins to undergo degenerative changes characterized by thickening of the membrane and replacement of the clear fluid with a whitish gel (degenerating cyst [colloidal stage]); with the progression of this process the wall continues to become thicker and the gel undergoes calcium deposition (granular stage), and finally the cyst becomes completely calcified, being reduced to one third or one fourth of its original size (calcified nodular stage).
The host's reaction to the cysticercus 30, 53 is characterized by an inflammatory process around the parasite, similar to a granulomatous reaction to a foreign body. The inflammatory reaction to the cysticercus is related to the phase of cyst development and is less intense during the cystic or active phase, becomes more marked when the cyst starts to degenerate, and progressively declines until the cyst becomes calcified. The intensity of the inflammatory reaction depends on the parasite-host interaction in the nervous system. 30, 53 The inflammatory reaction triggered by cysts in direct contact with CSF of the ventricles and subarachnoid space may extend to other sites and provoke extensive areas of inflammation. During this process, clinical manifestations become acute and increased numbers of cells and higher protein levels, as well as the presence of immunodiagnostic criteria, are found in the CSF.
CLINICAL MATERIAL AND METHODS

Patient Population
In this study we analyzed data obtained in 160 consecutive patients with cerebral cysticercosis who underwent surgery performed primarily by the same surgeon (B.O.C.) in the Division of Neurosurgery, Hospital das Clínicas, Ribeirão Preto Medical School, University of São Paulo, between January 1980 and December 2001. Indications for surgery were to control elevated ICP, to remove cysts causing local compression, and, rarely, to obtain diagnosis. The clinical courses of these patients were retrospectively and/or prospectively analyzed. Treatment and results for some of these patients have been previously reported. 17, 18 In this article we focus on the entire group and analyze the long-term follow-up data and the prognostic factors obtained in these patients.
Clinical Features and Examinations
Diagnosis of cerebral cysticercosis was made by undertaking CSF evaluation and/or neuroradiological examinations (ventriculography, CT scanning, CT cisternography, CT ventriculography, and MR imaging of the skull), intraoperative evaluation, and histopathological examination. One or more CSF samples were studied during different periods of the disease in 138 patients (86.3%). Pleocytosis with more than 2% eosinophils 81 was found in 12 patients (7.5%); antigen/antibody tests (complement fixation test, indirect immunofluorescence test, and enzyme-linked immunosorbent assay) were positive in 57 (35.6%) patients; and eosinophils and positive antigen/antibody tests were found in 31 patients (19.4%). The neuroradiological criteria for the diagnosis of NCC were the presence of two or more calcifications on CT scanning, two or more cysts on CT scanning, images suggesting cysts on ventriculography/CT ventriculography, inflammatory obstruction of the aqueduct or fourth ventricle on ventriculography in adult patients coming from an endemic area, and identification of cysts on MR imaging (Figs. 1-4 Duration of symptoms on admission ranged from 1.5 hours to 17 years (81.9% of patients had experienced symptoms for Ͻ 1 year; 73.8% for Ͻ 6 months; 38.1% for Ͻ 1 month; and 9.4% for Ͻ 1 day). Clinical manifestations at the onset of disease are summarized in Table 1 . The most common signs and symptoms were those caused by intracranial hypertension followed by gait disturbance, seizures, and dizziness/vertigo. Signs of increased ICP were present in 155 patients (96.9%) and intracranial hypertension was caused by hydrocephalus in 134 patients (86.5%), cerebral edema (cysticercal encephalitis or pseudotumoral form) in one patient (0.6%), giant cysts behaving as expansive lesions (tumoral form) in 12 (7.7%), and combined giant cysts and hydrocephalus in eight (5.2%), for a total of 142 patients (91.6%) with hydrocephalus and 20 (12.9%) with the tumoral form. Ten remaining patients exhibited signs of local compression (five with hemiparesis and/or seizures and five with optoquiasmatic compression). Five patients also presented with signs of spinal cord, radicular, or cauda equina compression associated with signs of intracranial involvement. Patients with spinal cord/radicular/cauda equina signs in whom there was no clinical evidence of brain disease were excluded from this review. All patients except those in whom precocious death occurred attended follow-up examinations for at least 1 month at our institution after discharge from the hospital. The patients were followed at intervals of approximately 6 months.
Computerized tomography of the skull was performed in all patients at least one time during the follow-up period, and it confirmed the diagnosis in 89 cases (those with calcifications and hypodense, enhanced, and annular enhanced nodules [cyst in different phases of evolution], and giant cysts). Additionally, in several patients CT scanning demonstrated hydrocephalus and rounded deformations of the ventricles, suggesting the presence of cysts, a fact that was not always confirmed by ventriculography. Contrast enhancement along the wall of the fourth ventricle was observed in only four patients, suggesting the presence of degenerating cysts adhering to the ventricular wall, as confirmed intraoperatively.
Magnetic resonance imaging of the brain was performed in 20 patients and, in addition to hydrocephalus, it revealed identification of parenchymal and cisternal cysts in several cases as well as direct (Fig. 2) or indirect evidence of fourth ventricular cysts in other cases (observed as a rounded dilation of this cavity).
When CT and/or MR imaging indirectly suggested the presence of a cyst within a ventricle or the basal cisterns, ventriculography, CT ventriculography, and/or CT cisternography was performed. Ventriculography confirmed the diagnosis of intraventricular cysts in 30 cases (Fig. 4) and CT ventriculography in 10, and CT cisternography disclosed cisternal cysts and/or fourth ventricle cysts in 10 patients (Figs. 1 and 3 ).
Disease Management
Medical Treatment. Thirty-six patients received anticysticercal drugs (praziquantel and albendazole in 18 cases each). Twenty-two patients underwent medical therapy before surgery and 14 after surgery. In eight patients only hydrocephalus was found on CT scanning before medical treatment and in one only edema was observed (pseudotumoral form). The remaining 27 patients harbored cysts in the parenchyma, ventricles, and/or cisterns (23 with parenchymal cysts, 16 with cisternal cysts, and five with ventricular cysts). Most of these patients were treated by Dr. Takaynagui, and the results of the medical treatment of patients with NCC have been already reported.
57,59
Surgical Treatment. Surgical treatment was performed to control increased ICP in 135 patients, to treat intracranial hypertension and local brain compression in 20, and to treat local brain compression alone in five. Increased ICP was caused by hydrocephalus in 134 (83.8%) of 155 patients, intracranial space-occupying lesion (tumoral form) in 12 (7.7%), hydrocephalus and giant cysts in eight (5.25%), and pseudotumor cerebri (pseudotumoral form) in one case. Based on the pathophysiological mechanisms of intracranial hypertension detected on conventional CT scanning, ventriculography, CT cisternography, CT ventriculography, and/or MR imaging, different surgical approaches were indicated. In patients harboring tumoral lesions a direct approach was performed and the cyst removed; in those with pseudotumoral form refractory to clinical treatment for increased ICP, we undertook decompressive craniectomy and direct removal of ventricular/ cisternal cysts and/or placed a VP shunt in those with hydrocephalus. Fifteen patients had undergone 16 previous operations elsewhere (15 VP shunt surgeries and one posterior fossa craniectomy), and 248 surgical procedures (241 in 145 patients) were performed at our institution. Fifty-one patients underwent one procedure, 55 two, 26 three, and 28 underwent four or more surgical procedures; a total of 280 surgeries were performed in the 160 patients (1.75 procedures/patient). Operations included the implantation of 68 reservoirs for transient control of increased ICP or to perform ventriculography/CT ventriculography (57 as the first procedure and 11 as an additional procedure); 105 VP shunt procedures (56 as the first procedure and 49 as an additional procedure); 49 PFCs for exploration of the basal cisterns and/or fourth ventricle (11 as the first procedure and 38 as an additional procedure); 25 supratentorial craniotomies for removal of cisternal cysts (five causing compression of the optic nerve/chiasm and 12 giant cysts causing intracranial hypertension) and for eight giant parenchymal cysts (22 as the first procedure and three as an additional procedure); 17 TCA procedures to the interhemispheric fissure and to the third and/or lateral ventricles for cyst removal (seven as the first procedure and 10 as an additional procedure); nine endoscopic approaches to the ventricles for cysts removal (six as the first procedure and three as an additional procedure); three laminectomies as additional procedures; two hypothalamic ventriculostomies with catheter placement (one as the first procedure and one as an additional procedure); one subfrontal craniotomy to repair a CSF leak (first procedure); and one bilateral temporal decompressive craniotomy (first procedure).
Patients who underwent surgery for the control of increased ICP were classified as improved when there was full remission of clinical signs of increased ICP; un- changed when signs of intracranial hypertension persisted despite surgery; and worsened when the surgical procedure or its complications resulted in worsening of the clinical picture or in death. Several patients who were considered improved at final evaluation required one or more shunt revisions and others continued to experience disease-related neurological sequelae, usually some form of visual dysfunction. Patients in whom the cyst was excised in the opticochiasmatic region underwent subjective and/or objective examinations to determine visual function pre-and postoperatively and were classified as improved or unchanged.
Patients in whom intraventricular or parenchymal giant cysts were excised underwent evaluation for signs of increase ICP and for the course of the clinical signs resulting from the lesion's local compression and mass effect.
The quality of survival was considered good when the patient was able to return to work, moderate when he was capable of performing his daily activities, and poor when he was confined to his bed. Surgery-related mortality was considered to be early when death occurred during the first 30 days postoperatively, and "late" when it occurred after the 30th postoperative day.
Statistical Analysis
Statistical analysis was performed using the Fisher exact test for comparing proportions and log-rank test, and Kruskall-Wallis nonparametric analysis of variance (with the Dunn multiple comparisons posttest) for comparison of survival curves and rates. An ␣-error value not exceeding 5% was considered significant for the two-tailed tests.
The tests were performed using the GraphPad PRISM (version 2.0; GraphPad Software, Inc., San Diego, CA).
RESULTS
Medical Treatment
In 18 (78.2%) of the patients with parenchymal cysts (three [18.8%] with cisternal cysts, and one [20%] with ventricular cysts), the cysts disappeared or became calcified after the anticysticercal therapy. Nevertheless, in the patients with cisternal and ventricular cysts there was doubt whether the resolution was an effect of the natural history or a response to the drugs, because the time period between treatment and disappearance of the cyst was longer than 6 months in all patients. Seventeen of 22 patients who underwent preoperative anticysticercal therapy developed intracranial hypertension that required some surgical treatment during the follow-up period. One patient with the pseudotumoral form of NCC died of complications related to decompensation of intracranial hypertension after treatment with praziquantel, despite undergoing bilateral temporal decompressive craniectomies.
Surgical Treatment
In two patients who underwent hypothalamic ventriculostomy with catheter placement (follow-up duration 184 and 263 months, respectively) and two patients who underwent reservoir implantation (follow-up duration 180 and 192 months, respectively), increased ICP resolved, and the patients required no other treatment. In all other patients in whom a reservoir was implanted, the procedure was undertaken to perform ventriculography/CT ventriculography or to obtain transient relief of the increased ICP. A bilateral temporal decompressive craniotomy was performed in one patient with diffuse infestation of the cerebral parenchyma and edema causing refractory increased ICP; however, the patient did not improve and died a few days after surgery.
Seventeen patients underwent pterional craniotomies for cisternal cyst removal (five causing compression of the optic nerve/chiasm and 12 giant cysts causing intracranial hypertension and/or local brain compression); their follow-up course ranged from 1 to 168 months (mean 84.7 Ϯ 53.6 months [Ϯ SD], median 89 months). In three patients with compression of the optic nerve/chiasm, the visual deficit improved in one, stabilized (unchanged), and in another the visual deficit worsened (follow-up period 6-168 months). Eleven of 12 patients in whom pterional craniotomy was performed to remove cisternal cysts causing increased ICP improved, and one died.
Eight patients underwent excision of giant parenchymal cysts causing increased ICP and/or local brain compression. Seven improved in a follow-up period of 1 to 231 months (mean 92.9 Ϯ 77.9 [SD], median 110.5 months). The eighth patient, who was comatose, died.
In 17 patients a TCA was performed to resect third/lateral ventricular cysts, and the follow-up period was 1 to 255 months (113.6 Ϯ 79.8 months, median 96 months). The cyst was found in the third and lateral ventricles in 11 patients; cysts and ependymitis in four patients; and an additional cyst in one of these patients found in the fourth ventricle was removed via the same approach (a catheter was placed and the cyst was evacuated through the cerebral aqueduct). In one patient a cyst was present in the interhemispheric fissures, and in another patient only ependymitis was found. In eight patients (72.7%) who harbored only ventricular cysts and who did not previously undergo VP shunt placement increased ICP improved. The two patients with cyst and ependymitis-in whom no previous shunt surgery had been performed-required this therapy after undergoing surgery via the TCA.
In eight patients an endoscopic resection of ventricular cysts was conducted (three were excised in the fourth ventricle and four in the lateral/third ventricles); endoscopy was also performed to treat inflammatory adherence (one from the lateral ventricles). The follow-up course in these eight patients ranged from 5 to 85 months (mean 37 Ϯ 34.1 months, median 27.5 months). Removal of cysts from the fourth ventricles was achieved in two patients, and the remaining patient required a PFC because the cyst could not be identified endoscopically. Removal of the cysts from the lateral/third ventricles was successful in three patients and in two patients a TCA was required (because the cyst could not be identified in one patient and because of venous bleeding in the other).
Fifty-two PFCs with or without cyst excision were performed in 49 patients (as first surgery in 11, after reservoir implantation in 23, after VP shunt placement and/or surgical procedure other than reservoir implantation in 18, and after endoscopic approach to the fourth ventricle in one patient); the follow-up period was 1 to 237 months (mean 98.2 Ϯ 65.6 months, median 101 months). Of the 30 patients who initially underwent PFC or reservoir
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Surgical treatment of cerebral cysticercosis implantation followed by PFC, free cysts were present in 19 patients without or with mild fourth ventricular ependymitis, signs of increased ICP improved in 13 patients (68.4%), and five patients required a VP shunt 1 to 4 months later. In nine patients we found degenerating cysts and ependymitis/arachnoiditis in the fourth ventricle and/or in the basal cisterns of the posterior fossa, of whom three (66.7%) required a VP shunt from 1 day to 6 months after the PFC. In two patients free cysts were presented in the fourth ventricle and in basal cisterns of the posterior fossa and they required a VP shunt, respectively, 5 days and 1 month after the PFC. One (2.6%) of the 39 patients who underwent PFC, with inflammatory obstruction of the fourth ventricle, fourth ventricular degenerating free cyst, and degenerating cysts around the medulla oblongata adherent to the nervous structures, suffered neurological worsening.
Fifty-six patients underwent VP shunt placement as first surgery to control increased ICP and 49 underwent this procedure after previous surgical interventions that failed to control increased ICP; their follow-up period was 1 to 255 months (mean 65.5 Ϯ 63.5 months, median 44 months).
In 53 (50.5%) of 105 patients who underwent VP shunt surgery one or more shunt revisions were required, for a total of 164 procedures (1.56 procedures/patient). Shunt revisions were required secondary to shunt malfunctioning in 126 cases (76.8%); indications included problems with the proximal catheter in 46, problems with the distal catheter in 13, excessive drainage in six, and nonspecified malfunction in 61. Revision secondary to infection was required in 38 cases (23.2%).
Follow-Up Review
The overall clinical follow-up period ranged from 1 to 255 months (mean 46.1 Ϯ 40.2, median 38 months).
Survival. The 5-, 10-, and 20-year survival estimates were 88.8, 84.7, and 52.4%, respectively.
The survival estimates for patients with cerebral cysticercosis according to their age at diagnosis were 88.6 and 75.4% at 5 years; 88.6 and 69.6% at 10 years; and 78.0 and 52.2% at 20 years, respectively, for patients who were 40 years of age or younger and patients who were older than 40 years of age. There was significant difference between the curves for the two age groups (p = 0.0217, df = 1 [log-rank test]).
The survival estimates according to distribution of sex were 73. 8 
Postoperative Functional Outcome
We studied the evolution of clinical signs of intracranial hypertension in the patients in whom VP shunts were placed. Of patients followed for 2 or more years, in most intracranial hypertension was absent by 2 years, although some required one or more shunt revisions. Despite good control of ICP four patients (33.3%) died 2 years postoperatively.
The quality of survival in this series of patients is summarized in Table 2 . Of 34 patients who died during the overall follow-up period, 21 deaths (61.8%) occurred in the first 2 postoperative years and 13 (38.2%) occurred after this period. 
Procedure-Related Complications
Postoperative bacterial infections developed in 40 patients (30.6%) with cerebral cysticercosis who underwent surgical treatment (meningitis in 27, meningitis and pulmonary infection in four, and pulmonary and/or other infection in nine patients). In five patients (10.2%) in whom PFC was performed, postoperative meningitis developed, and in one the wound became infected. Of the 103 procedures for VP shunt implantation, at least one episode of bacterial shunt infection occurred in 26 patients (25.2%) during the follow-up period and in one subdural empyema occurred.
Surgery-related complications other than infections were observed in two patients (11.8%) who underwent TCA to resect third/lateral ventricular lesions (infection of the wound in one and subdural empyema causing death in the other). In one patient (12.5%) in whom an endoscopic approach to the ventricles was undertaken, an intraventricular hematoma developed due to venous bleeding; this led to the patient's death despite immediate open drainage.
The following neurological complications were observed in eight patients (16.3%) who underwent PFC: CSF fistula in three, isolated fourth ventricle in two, extradural hematoma of the posterior fossa in two, and hypertensive pneumoencephalus in one. One patient with an isolated fourth ventricle, another with a posterior fossa extradural hematoma, and the one patient with hypertensive hydrocephalus died as a consequence of these complications.
Six patients (5.7%) who underwent VP shunt surgery suffered the following postoperative complications: chronic subdural hematoma in five and hemiparesis in one.
Mortality Rates
The global mortality rate demonstrated in all patients with cerebral cysticercosis who underwent surgical treatment was 21.3% (34 patients). Surgery-related death occurred in three patients (4.4%) in whom a reservoir was implanted, two due to ventriculitis and one to nonneurological cause. One patient who underwent a pterional craniotomy (for removal of cisternal cysts causing increased ICP) died of unknown cause early in the postoperative period. In one patient (12.5%) who underwent removal of giant parenchymal cysts, the surgery was performed while the patient was comatose (with dilated fixed pupils), and this patient died in the early postoperative period. In one patient in whom bilateral temporal decompressive craniotomy was conducted to treat refractory increased ICP, the hypertension did not resolve and the patient died early in the postoperative period.
Of those in whom endoscopy was used to approach ventricular lesions, two patients (25%) died early in the postoperative period, one with fourth ventricular disease due to a recurrence of a ventriculitis acquired in the preoperative period and the other with lateral ventricular disease due to an intraventricular hematoma and increased ICP.
The global mortality demonstrated in patients who underwent a TCA to cysts of the third/lateral ventricles was 17.6% (three patients). Two patients (11.8%) died in the early postoperative course, one of pneumonia and the other of intracranial hypertension and subdural empyema. The third patient died late in the postoperative period of unknown cause.
The global mortality rate demonstrated in patients who underwent PFC was 16.3% (eight patients), and surgeryrelated death in these patients occurred in 10.2% (four early and one late surgery-related death). In the four patients in whom early surgery-related death occurred, arachnoiditis and/or ependymitis was present in the fourth ventricle/posterior fossa. The causes of death in these cases were intracranial hypertension in two patients, an extradural hematoma of the posterior fossa in one, and meningitis in the fourth. The late surgery-related death was caused by intracranial hypertension and meningitis. Three patients died of nonneurological problems.
The global and surgery-related mortality rates demonstrated in patients who underwent VP shunt surgery were 18.1% (19 patients) and 16.1% (17 patients), respectively. In these patients early and late surgery-related mortality rates were 4.8% (five patients) and 12.3% (13 patients), respectively. Causes of early death were ICP in two patients and meningitis in three patients; causes of late death were increased ICP in seven, increased ICP and meningitis/ventriculitis in five, and ventriculitis in one patient. The remaining patient died of nonneurological causes.
DISCUSSION
Our experience in the treatment of cerebral cysticercosis can be divided into two periods: before and after 1980. During the first period, the attempts at identifying the different forms and the locations of the lesions were more difficult because, in most cases, only angiography and ventriculography were available. Consequently, we had no defined protocol for the treatment of these patients, and the results of direct approaches (to the posterior fossa and supratentorial region) particularly ventricular approaches, were difficult to evaluate. Nevertheless, because shunt surgery was performed in most patients, it was possible to evaluate the long-term treatment effects in a large
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Surgical treatment of cerebral cysticercosis 7 number of cases. 17, 18 Since 1980, CT scanning, CT cisternography, CT ventriculotomography, and, more recently, MR imaging, we have been better able to identify the pathophysiological mechanisms of these lesions, especially those causing intracranial hypertension, and to plan the best therapeutic approach in patients with cerebral cysticercosis. In addition to the advancement in neurodiagnostic modalities, the systematic use of microsurgery has contributed to improved results in selected cases.
Recent pharmacological experience with praziquantel and albendazole, which can provoke degeneration of cysticerci, 2, 12, 27, 28, 44, 49, 51, 52, 54, 57, 59, 62 has shown that their efficacy is more marked in cases in which active cysts are present in the brain parenchyma. Although the effect of these drugs has been reported on ventricular or cisternal cysts, 28, 44 there remains no consensus about their efficacy in these situations. Several of our patients with cisternal and ventricular cysts, as well as other patients with cisternal cysts (Takayanagui, personal communication) received praziquantel or albendazole in our hospital, but this treatment was not effective. Anticysticercal drugs did not prevent the evolution for intracranial hypertension in our patients. Based on the results of anticysticercal therapy in our hospital, 57, 59 we have prescribed albendazole in all patients with active parenchymal cysts but without signs of local compression and/or signs of intracranial hypertension or significant mass effect. In patients harboring parenchymal cysts causing local compression or giant cysts causing intracranial hypertension or significant mass effect, cyst removal is indicated. We do not recommend anticysticercal therapy for patients harboring only cisternal and/or ventricular cysts.
Among the clinical forms of NCC that can be treated surgically are 1) the spinal forms that manifest signs of spinal cord compression or of nerve root and cauda equina compression; 2) the forms that manifest signs of local compression of the brain and of cranial nerves; 3) and the forms that manifest intracranial hypertension.
Cisternal Forms Causing Local Compression
Patients with cisternal cysts usually harbor racemose cysticerci in the basal cisterns; the lesions are varied in size and cause symptoms of local compression independent of signs of hydrocephalus or mass effect-induced hypertension (Fig. 1) . Among cranial nerves most affected by cysticerci-or arachnoiditis-induced local compression are the optic nerve and the chiasm, the oculomotor nerve, the trigeminal nerve, and the facial nerve. 18 Other clinical manifestations of compression include signs related to compression of the cerebral cortex and Parinaud syndrome; 14 these signs manifest secondary to compression induced by cysts located in the cistern of the quadrigeminal lamina.
Direct excision of the cysticerci in the basal cisterns is not an effective procedure. Only in rare cases can all cysts be removed because they are usually multiple, and they are frequently partially degenerated and adherent to the cranial nerves, vessels, and brain parenchyma due to arachnoiditis. An attempt at full lysis of arachnoiditis in these cases may have disastrous consequences. Resection of free cysts and even of degenerating cysts causing welldefined localized compressions, however, may be beneficial, as was demonstrated in several of our cases. Examples of these benefits are the stabilization or improvement of visual disorders. Nevertheless, excision of the cysts does not prevent the progression of the inflammatory reaction already underway, and good results often may be transitory.
Forms Progressing to Intracranial Hypertension
The incidence of increased ICP in patients with cerebral cysticercosis ranges from 25 to 65.9%. 14, 33, 43, 47, 58 In our hospital hypertension was observed alone or in combination with other clinical forms in 35.7% of the patients. 58 These patients could be classified in three groups according to the pathophysiological mechanism of hypertension: 55 1) hypertension caused by space-occupying cysticerci (tumoral form); 2) hypertension caused by diffuse cerebral edema (pseudotumoral form); and 3) hypertension secondary to hydrocephalus caused by obstruction of CSF circulation. These mechanisms can be isolated or combined. The relative frequency of Group 1 ranges from 22 to 67%, in Group 2 from 9 to 44%, and in Group 3 from 18 to 41%. 14, 55 In a previous series 21 studied at our hospital, 2.95% of the patients who underwent surgery to control increased ICP belonged to Group 1, 5.8% to Group 2, and 91.3% to Group 3; and in the present series, increased ICP was caused by hydrocephalus in 134 (86.5%), by tumoral form in 12 (7.7%), by hydrocephalus and giant cysts in eight (5.2%), and by pseudotumor cerebri in one case. The difference demonstrated between this and our previous surgical series 21 can be explained by an improvement in the clinical treatment of intracranial hypertension, thus reducing the number of cases refractory to treatment.
Because of their particularly high morbidity and mortality rates, patients afflicted with forms of NCC manifesting intracranial hypertension usually require surgical treatment.
Tumoral Form. Intracranial parenchymal (Fig. 2) , ventricular, or cisternal giant cysticerci most often are racemose, 32, 39 and their response to anticysticercal drugs such as praziquantel and albendazole remains controversial. 2, 15, 27, 29, 34, 42, 44, 49, 51, 52, 54, 57, 59, 62 On the other hand, the risk of decompensation associated with increased ICP due to cyst degeneration-induced inflammatory reaction in patients with C. cellulosae 49 may contraindicate drug therapy and definitively contraindicate these drugs in patients with giant cysticerci and mass effect. In our opinion, the best treatment of the tumoral form of NCC is surgicalcyst excision via a direct approach, or at least, cyst evacuation and partial resection via a direct or stereotaxic approach. Complete resection of giant cysts is usually relatively easy when the cyst is located within the parenchyma or cisterns, as well as when the cysts are in the active phase because they are still loosely adherent to the parenchyma. Degenerating cysts may adhere firmly to the nervous tissue and to blood vessels because of inflammatory reaction, especially those located in the cisterns. Resection of these cysts, especially those close to eloquent areas of the brain, is usually associated with a considerable risk of additional lesions.
Pseudotumoral or Encephalitic Form. This form is characterized by increased ICP secondary to a diffuse inflammatory reaction of the brain parenchyma due to mas-sive infestation with cisticerci, 8, 14, 55 and it is more frequent in children. 14, 36, 55 Treatment of this form is primarily medical to reduce the intracranial hypertension by administering osmotic diuretics, steroid agents, and by performing CSF lumbar puncture, and it is effective in most cases. 8, 13 In the past, decompressive craniectomy was recommended 8 in these patients to avoid visual loss due to papilledema, but its results were only transient. 55 In our opinion decompressive craniotomy is only rarely indicated and should be performed in extreme situations in an attempt to control intracranial hypertension. Fortunately, the decrease in the number of decompressive craniotomy-treated patients between our previous surgical series 21 and this series, suggests an improvement in the clinical treatment of intracranial hypertension. Although there are no published data about the use of lumboperitoneal shunts for treating these patients, it does not appear to be a good solution because the intracranial hypertension in this process is caused more by an increased volume of the brain parenchyma than by an increase in CSF volume.
Obstructive Form. Hydrocephalus is the most frequent mechanism of intracranial hypertension in NCC, and it can be caused by mechanical obstruction of the ventricles or the basal cisterns. Obstruction of the former is caused either by cysts themselves or by the inflammatory reaction (ependymitis, arachnoiditis, or both) or may be caused by difficulties in absorbing CSF due to parasagittal arachnoiditis, with involvement of arachnoid villi. 36, 37, 46, 50, 55 Cyst-related obstruction usually occurs at the narrow sites of the ventricular system (for examples, the foramen of Magendie and the cerebral aqueduct), causing obstructive hydrocephalus. Cysts localized in the basal cisterns can provoke communicating hydrocephalus. Inflammatory reaction-related obstruction is more frequent in the outgoing foramina of the fourth ventricle, the posterior fossa, and the basal cisterns, but it may occur at any point in the CSF circulation, including sites of CSF absorption, and cause obstructive or communicating hydrocephalus.
Rational treatment of cysticercosis-related hydrocephalus requires identification of its pathogenesis. Ventriculography is simple, easy to perform, and accurate for this purpose. Based on ventriculographic findings, we have sought to identify the site and type of obstruction 18 -that is, in patients with obstruction caused by free cysts who can benefit from cyst removal, 5, 17, 31, 38, 40, 50, 56 or in patients with obstruction caused by an inflammatory process in whom VP shunt surgery is considered the best treatment. 3, 16, 33, 35, 38 Generally CT scanning does not allow this differentiation because it does not reveal free intraventricular cysts, 19 which are only be suspected based on the morphological changes of the ventricles (rounding of the fourth or third ventricles or of portions of the lateral ventricles). Computerized tomography cisternography demonstrates cysts in the cisterns; additionally, when there is no obstruction of the ventricular system, it identifies intraventricular cysts (Figs. 3 and 5) . Computerized tomography ventriculography allows adequate evaluation of the ventricular system, including the identification of cysts not visualized on ventriculography alone. 18, 39 Magnetic resonance imaging is useful because it can demonstrate cysticerci and inflammatory reactions in the parenchyma, cisterns, and even ventricles (Fig. 4) . Unless there are indirect signs, however, such as mass effect, absence of the adjacent CSF flow, and obstruction of the ventricular flow, intraventricular cysts are visualized on MR images only after they start to degenerate. 41, 60 In our service a ventricular reservoir has been routinely implanted in patients with acquired hydrocephalus to perform CT ventriculography and for relief of intracranial hypertension, until definitive diagnostic and therapeutic procedures can be undertaken. By following this protocol, ventricular cysts can be excised, and the decision regarding definitive CSF shunt placement can be postponed, depending on the recurrence of increased ICP. More recently, since MR imaging became available at our institution, this neurodiagnostic modality has allowed identification of intraventricular cysts in some patients (Fig. 4) , thus obviating need for reservoir implantation.
Excision of free ventricular cysts is relatively simple when performed via a suitable approach and when using microsurgical techniques; in such cases morbidity and mortality rates are minimal. This procedure is justified because free cysts may dislocate within the ventricular system, 21 causing acute intracranial hypertension by obstructing CSF circulation, and because intraventricular cysts tend to increase in size and start to behave as intraventricular tumors, especially in the fourth ventricle (Fig. 5) . Access to the fourth ventricle is obtained by posterior fossa craniotomy, and the free cysts can spontaneously protrude through the foramen of Magendie toward the cistern magna ("delivery" of the cysticercus) (Figs. 3 and 5 ), or they may be tractioned. When the cysticerci are adherent to the wall of the ventricle or when the foramen of Magendie is stenotic or obstructed, the foramen needs to be opened or widened by sectioning the inferior portion of the cerebellar vermis to allow better visualization of the ventricle.
Free cysts located in the lateral ventricle or in the third ventricle can be reached via an anterior TCA. We recommend a direct approach and extirpation of the lateral ventricular cyst when it is free and at risk of dislocating; when the cyst is adherent to the ventricle walls, we perform excision only if it causes septations of the cavities and/or obstruction of CSF circulation. A temporal horn cyst is better reached via a temporal transcortical approach.
The mortality rate observed in patients who have undergone PFC range from 0 to 60%. 6, 17, 18, 37, 38, 40, 43, 56 The lowest mortality rates have been demonstrated in cases in which those who present with free ventricular cysts, and the highest rates have been shown in those who present with inflammation-related obstruction or cyst-and inflammation-related obstructions. For this reason, we try to identify patients with free ventricular cysts and recommend a direct-approach resection only in these cases. The high mortality and morbidity rates observed in the past among patients who have undergone PFC were related to the difficulties in the surgical management of patients with arachnoiditis and aseptic meningitis caused by intraoperative cyst rupture. Although these rates have been reduced (by better identification of patients with free cysts, microsurgical techniques, and by the satisfactory control of aseptic meningitis with steroids 21 ), analysis of our recent long-term follow-up data has shown that the morbidity and mortality rates remain high. A direct surgical approach is indicated with reservation when radiological ex-
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Other procedures such as a cystoperitoneal shunt surgery, 7 stereotactic approaches to cyst resection or drainage, 24, 48, 61 and endoscopic cyst drainage or resection 4, 10, 11, 25 have been proposed as alternatives to extirpation of giant parenchymal and ventricular cysts. Cyst evacuation through puncturing may be effective because, theoretically, the rupture of a cyst triggers its process of degeneration. Cyst recurrence after puncture and drainage 24, 56 should be attributed to the existence of racemose cyst at the punctured site. We prefer undertaking the direct surgical approach in patients with giant cysts because it is relatively safe when the appropriate surgical strategy is used, it allows better evaluation of the adherence of cysts in relation to adjacent structures, and it permits the resection or emptying of the various vesicles of a racemose cysticercus; additionally analysis of our previous and recent data has shown that it is efficient in most patients. 17, 18 A direct approach to free ventricular cysts is our first option as well because it is possible to identify the presence of ependymitis/arachnoiditis. When inflammatory reactions are intense, we perform VP shunt surgery immediately after the cyst is resected, because in our previous and recent experience these patients usually develop inflammatory blockade of the CSF circulation and intracranial hypertension within a few weeks or months. 17, 18 Recently we began to perform endoscopic approaches to the ventricles for cyst removal, and we have encountered some complications, including death, probably as a result of technical problems and incorrect selection of cases. Nevertheless, because it is less invasive, and because manipulation under direct visualization and identification of multiple vesicles are possible, the endoscopic approach may become the procedure of choice in many of these patients.
Most of our patients with inflammatory obstruction of CSF circulation underwent VP shunt placement because previous experience 6, 17, 18, 37, 45, 46 has shown that these patients do not benefit from a direct approach to the posterior fossa for lysis of the inflammatory reaction, which recurs within a short time (generally a few weeks), and to avoid serious complications. 17, 18 The placement of a VP shunt has been considered the best treatment in patients with hydrocephalus due to inflammatory obstruction caused by cysticercosis, allowing for resolution of increased ICP in 50 to 90% of cases. Our results confirm the previous experience; most patients were free from hypertension at the end of a 2-year followup period, and more than half required revisions of the shunt, most during the first postoperative year. 16, 17, 21, 43 The predominance of complications in this period probably occurs because most cysts of a multiple infestation degenerate within that time. Another possibility is that within the follow-up period functional equilibrium in the CSF circulation is reached, and the shunt, which may not be functioning, is no longer required. Isolation of the fourth ventricle has been reported in patients with cerebral cysticercosis, generally related to a VP shunt. 22, 23, 26 This is usually a serious complication, and details of this entity have been discussed in a previous study. 22 Some authors 31, 37, 39 recommend that VP shunt placement should be performed as the first surgical procedure in all patients with hydrocephalus secondary to cysticercosis to relieve intracranial hypertension and that ventricular cysts should be removed during a second stage. Currently we prefer first to control intracranial hypertension by implanting a ventricular reservoir and determining in advance whether the patient will benefit from the removal of a free cyst or whether VP shunt surgery will be the best treatment. This strategy has been adopted because of the risks associated with technical difficulties involved in approaching a fourth ventricle in which there is ependymitis and which has collapsed after placement of a VP shunt, as After gentle lateral displacement of the cerebellar tonsils, the cyst is spontaneously protruding from the ventricle ("delivery" of the cysticercus). Note that the cyst membrane is transparent and that its fluid content is colorless and that there is no arachnoiditis in the posterior fossa.
well as to ensure that some patients will not receive an unnecessary shunt.
Prognostic Factors
In patients with cerebral cysticercosis the location of cysts in the subarachnoid space (extraparenchymal cysts), especially at the basal cisterns, causing chronic arachnoiditis, has been identified as poor prognostic factor 9, 17, 18, 50 and this was confirmed by our data. In patients requiring VP shunt surgery for the treatment of inflammatory obstruction or inflammatory obstruction and cysts, the prognosis was worse than in those who underwent removal of intraventricular cysts. This is because these patients require a shunt and its incidence of associated complications is higher than in patients with hydrocephalus than with other diseases. 16 Age was also found to be a prognostic factor in patients requiring surgical treatment. Prognosis was poorer in patients younger than 40 years of age than in those who were older. Some authors 50 have found the incidence of the extraparenchymal form of the cerebral cysticercosis to be higher in females, and this could be related to a poor prognosis. Analysis of the survival curves according to sex for all patients and for patients who underwent reservoir/ shunt implantation and shunt implantation alone showed a poor prognosis for males. Satisfactory explanations for these facts were not found.
CONCLUSIONS
In patients with cerebral cysticercosis requiring surgery, the long-term prognosis was not good. Overall 1.75 surgical procedures per patient were performed in these cases, and there were many surgery-related complications. The global mortality rate during the follow-up period and the surgery-related mortality rate were also high. Location of cysts in basal cisterns, age younger than 40 years, and male sex were related to worse prognosis. In patients with inflammatory process or cysts combined with an inflammatory process requiring placement of a VP shunt and in patients requiring surgery who were younger than 40 years of age prognosis was worse than in other patients.
The diagrams in Fig. 6 depict our recent policy in the treatment of patients with CNS cysticercosis.
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